PAH Biomarkers 

• 1-Hydroxypyrene 

* 2-NapMhol 

• Phenanthrene metabolites 

* BenzoIa]pyrene metabolites 

F. J. Jonganeelen Ann. Octxfj. Hyg. 45: 3 {2001); 
Grimmer a al. Irt Arch. Occup. Environ. Health 69: 
231 {1997);Jaoob et al, Biomarkers 4: 319 {1999} 


Representative Recent Studies 
on 1-Hydroxypyrene in Urine 

SmokBrs 

Nonsmokers 

Reference 

1.59 nmok24h 

0.784nn>ol/24h 

Scherer et al.. 1999 

2.77 nmok24h 

1.0nmolfZ4h 

Jamb et aL, 1999 

2.47 nmoft 

1.10 nmolrt 

Pastorelli et al., 1999 


f 


1-Hydroxypyrene and 2-Naphthol 
in Urine 

_ pmoi/md creatinine* _ 

Smokers No ns makers 

1- tiydroxypyrene 0,05 0 04 

2- naphthol 3.04 1.55 

*■ gaomel demeans 

H-W Nan etal., Carcinogenesis 22:787 (2001) 
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trans-onll-BtiP-me (tmol'mL) 


PAH Biomarkers 

1- Hydroxypyrene 

2- Naphthol 

Phenanthrene metabolites 
Benzo[a]pyrene metabolites 


F J Jongeneeten Ann. Occcp. Hyg. 45:3 (2001); 
Grimmer <4 al, Irt. Arch. Occqb. Environ. Health 69: 
231 (1997); Jacob et B\ Biomarkers 4; 319(1909) 


Levels of trcrns-0/if/-BaP*tetraol In Human Urine 

100 -- 



Psoriasis Coke Oven Smokers 
Patients Workers 


C.D. Simpson at al Cham. FUs. Toxicol. 13 271 (2000) 


Correlation of (rans-anO-BaP-tetraol with 1-OHP 

1- 

Spaamun r»0.70 0 

O c 


If 

B « 


$!«- 

i! 

w s'* 

a a 






0.1 ' 1 10 

1-0 HP (pmoWmol craatlnlna) 


M.T. Wu, C. Simpson, D C. Clulrtsnl, LW Chang, &S.S. Haem CEBP, in peas* (2001) 
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Aromatic Amine and Heterocyclic 
Aromatic Amine Biomarkers 


• 2-Toluidine: 4,1-6,3 ug/ 24h, no 
difference between smokers 
and non-smokers 

• 4-Rmlnobiphenyl: 68-79 ng/ 
24h, no difference between 
smokers and non-smokers 


• puiP: 

smokers and rron^smokers 



Ca.it r ,^uij C) Iji n,o 


Benzene Biomarkers 

• frans, trans-mu conic acid (ttMA) has been most 
frequently used 

• 12 of 14 studies showed increased levels of 
ttMA in smokers 

• Ratio: smokers to non-smokers, 1 4-4.8 

• Phenylmercapturic acid may be more specific 
than ttMA 

G. Scti»«« al. J.Chfofnatog B. TIT 179 (199«)FrogAACft42 150(2000) 


Other Specific Biomarkers 

• 3-Hydroxypropyl- and other mercapturic 
acids (from acrolein, butadiene, 
ethylene oxide, acrylonitrile) 

• Catechol and its conjugates 

• 8-Oxodeoxyguanosine and related 
oxidation products 

p.J. BwBard«tfl).Q>e*n.&©r. W. 135:693<2Q0i); S O. CarmeHa at al,Food 
Chen Toxicol 20: 5B7 (1982); G. Scherer at al, Mriabon Res. 358: 195 (t996); 
G Scherer el al. Proc AACR, 42; 145 (2000): D. Matcher etsl.J. Ctvomatog, B 
750: 163 (2001); T. Renner etai, J. Chfomatog. 0 736. 311 (2000) 
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Induction of Lung Tumors by NNK 

Species and Strain 
Mouse 

Route 

A/J 

l.pp, gavago, pa, 

Senear 

skin 

BALB/c 

oral 

Swill 

oral, l.p. 

CJB6F, 

I.p. 

CiH/HeJ 

i.p. 

CI7BUS 

i.p. 

{A/J x TSO ■ pSJJF, 

i.p. 

F-144 Rat 

i.c., p.o., ora) swob, garage, 
mtra vesicular 

Syrian Qolden Hamster 

s.c., ipplkatbn to cheek pooch 

Mink 

sx. 

S.S Hedil, Cham. Re* Toicol l 1: S59-6D3. 1990 


Relative Risk for Lung Cancer in Cigar Smokers 

Odds Ratio (95% C.l.) 

Inhale 

Do Not Inhale 

European Study* 28.1 (5.7-22.4) 

5.2 (2.7-10.0) 

ACS CPS II» 5.1 (4.0-6.6) 

3.3 (2.3-4.7) 

•Buffetts si si.. J. Natl Cancer hat. 91:697-701 (1999) 

'Stnpro at el J.Nrfl Carver hat. 92 333-337 <2000) 

‘HatM andHoftnmn, J. Nltt Csnear Inal. 9220*0 (2DGO) 



Metabolism of NNK to NNAL and 
NNAL-Glues 


(Or 1 — 

NNK NNAL 

\ / 

fltntrnwtaMUtu 

i 




S.E. tAxphy and W. Kuehl, Proc AACR 42:162 £001) 

P. LfcoAyay*. EJ.MdirtM. S.S. M«m.Chwn_ Rah. Tmdcol 14:535 (2001) 
Ky-Anh La. S.G. Carmens, P. Upedhyeye, P. Vllalta. S.S.Heeht, 2001 


PM3003732362 


Source: https://www.industrydocuments.ucsf.edu/docs/sgmj0001 








I Cotinlne ♦ Cotlnlne-Gluc7 mi. urine 



pmol NNAL + NN AL-Gluc / mL urine 

S. S. Hrchi.J. Sirt. Caarrr Int * 1 : 11*4-12 jg 


PM3003732363 


Source: https://www.industrydocuments.ucsf.edu/docs/sgmj0001 











NUMBER OF INDIVIDUALS 



A 6 C 


P i 

E 

A B C D E 


Subivcl 

f 


PM3003732364 


Source: https://www.industrydocuments.ucsf.edu/docs/sgmj0001 















PM3003732365 
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Design of Environmental Tobacco Smoke 
Study in Non-Smoking Women 


Mon-Smoking 

Women 

(N-43) 


Male Partner 
Smokes 
(N=23) 


- Male Partner ■ 
Doesn't Smoke 
(N-22) 


Morning Urine 
Sample & 
Questionnaire 


Exclusions: Workplace or leisure ETS exposure 


Nicotine Cotinine 
' p<0.003 

K,I.Aflf«*onetll.MCt S3: 37D (20011 


NNAL + 
NNAL-Glucs 


Relative Risks for Lung Cancer and Relative 


Amounts of NNAL 



NNAL * NNAL-Glue 

% Excess Risk for 


(pfiWUMl) 

Lung Cancer 

ETS-Ex posed 
Non-Smokers 

0.05 

20 

Smokers 

2.0 

1400-1900 

Relative % 

2.5 

1.1-1.4 

W.J. Blot and JX. hfcLaugfilln, JNCI 90:1416(199(1) 

S.S. Had* el 4., Cancer Re*. SQdM) <1909) 


S.3. Heel* M ei., Cancer 

Epidemiol, Giam*rfc*r* A Pr#r. t in pnn (2D01) 


PM3003732367 


Source: https://www.industrydocuments.ucsf.edu/docs/sgmj0001 










Total cotln Ira (nuTml ur+ne) 



ETS EXPOSURE GROUPS 
S S Hacht«! «l., CEBP 10. in prtu <2001} 


PM3003732368 


Source: https://www.industrydocuments.ucsf.edu/docs/sgmj0001 









Variation in NNK Uptake by 
Nonsmokers Exposed to ETS 


Study 

Fold variation 8 

Hospital workers 

22 

Spouses 

31 

Children 

93 


■ Delect vaiuecociy 


Specific Biomarkers of Carcinogen Uptake from ETS 

Carcinogen in 


Effect of ETS 

ETS 

Biomarker 

exposure 

OenzenQ 

Crp/j^, frans-mucopic acid in 
urine 

Mated results 

PAH 

1 -hydroxypyrene in urine 

hydroxyphenanthrenos in 
urine 

albumin adduds 
hemoglobin adducts 

None in most studies 

Aromatic amines 

hemoglobin adducts 

Mixed results 

NNK/NNN 

hemoglobin adducts 

None 

NNK 

NNAL and NNAl-Gluc in 

urine 

Consistently increased 






Summary 

• Urinaiy biomarkers can be very useful in 
assessing tobacco carcinogen uptake. 

■ Well-established biomarkers are available for 
some of the important tobacco smoke 
carcinogens such as benzene, PAH, and NNK. 

• Urinary NNAL is useful for understanding human 
NNK exposure, metabolism, and mechanisms. 

• Urinaiy NNAL is an ideal biomaikerfor assessing 
relatively recent exposure to the lung carcinogen 
NNK from ETS. 
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Carcinogens I: Urinary Biomarkers of 
Carcinogen Uptake 
^ Stephen Hecht, PhD 
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